Volvariella volvacea, commonly known as the straw or paddy mushroom, had the following growth characteristics: minimum temperature, 25°C; optimal temperature, 37°C; maximal temperature, 40°C; pH optimum 6.0. Optimal pH for cellulase production was 5.5. The optimal initial pH for cellulase production and mycelial growth was found to be 6.0. The pH and temperature optima for cellulolytic activity were 5.0 and 50°C, respectively. Maximal cellulolytic activity was obtained within 5 days in shake-flask culture. The cellulases were found to be partly cell free and partly cell bound during growth on microcrystalline cellulose.
Cellulose occurs as the structural element of plants and is thus present as a major component in agricultural and municipal waste and is the earth's most abundant renewable resource. Unfortunately, humans and most other animals except for the ruminants cannot digest it. Before the use of this resource, it is necessary to convert it to usable forms, such as glucose, methane, ethanol, single-cell protein, or other feedstock that will fit into the economy. However, there are always two main obstacles hindering the efficient transformation of cellulose: (i) the highly ordered crystalline cellulose structure and (ii) a lignin seal usually surrounding cellulose fibers.
Volvariella volvacea, known from ancient times, is commonly called paddy mushroom, straw mushroom, banana mushroom, or Chinese mushroom. It has been cultivated successfully on cotton waste, a relatively crystalline cellulose (3) . This implies that the organism may have the potential to produce high exoglucanase activity to degrade crystalline cellulose. If "lignase" activity could be clearly demonstrated, both crystallinity and lignification problems could be overcome simultaneously. This study was undertaken to provide essential information on quantitative production of cellulase and lignase by V. volvacea.
For simplicity and economy, it is practical, especially in the developing countnes, to grow microbial cells on lignocellulose waste for human or animal food and produce enzymes and glucose in a unified and continuous process. Producing mushrooms on lignocellulose waste is a good approach to achieve this goal. By this method, the fruiting body can be harvested as a food commodity, and the extracellular enzymes produced on the cellulose material can be used later for the production of sugar through saccharification in the reactor. Since cellulase is strongly absorbed to cellulose at high concentration of substrate (9, 14) , the unhydrolyzed residual cellulosic mushroom bed can be put into the reactor without removing the enzyme from the cellulose. Newsprint, because of its high cellulose content, consistent composition, and ready availability was chosen as one source of lignocellulose in this study. MATERIALS Difco mycological media slants in 70-ml screw-capped tubes and transferred biweekly.
Preparation of inoculum and cultivation. Stock cultures from slants were inoculated into 100 ml of modified Mandels and Reese medium (20) in 500-ml Erlenmeyer flasks described below. They were incubated in a New Brunswick rotary shaker at optimal growth temperature, which was determined to be 37°C at a speed of 180 rpm. After 4 days of incubation, the submerged culture was transferred to sterile 400-ml Omnimixer cylinders and comminuted 2 min at a moderate speed with the cylinder immersed in an ice bath. Two milliliters of the inoculum was uniformly applied to a fresh medium with a 10-mI pipette. The cells were activated again in the same way and were ready for the experiments.
Medium. The basal medium for submerged culture consisted of: (NH4)2SO4, 1.4 g; KH2PO4, 2.0 g; urea, 0.3 g; CaC12, 0.3 g; MgSO4, 0.3 g; NaCl, 0.1 g; FeSO4-7H2O, 5.0 mg; MnSO4-H2O, 1.6 mg; CuS04, 2 mg; ZnSO4-7H2O, 1.4 mg; CoC12, 2.0 mg; distilled water to 1,000 ml. Proteose peptone, (0.075%), 0.2% Tween 80, and 0.1% yeast extract were added to the basal medium. The initial pH was adjusted to 6.0, which was determined to be optimal for cell growth and cellulase production. (lii) 13-1,4-glucan glucanohydrolase or carboxymethyl cellulase (EC 3.2.1.4) assay. 3-1,4-glucan glucanohydrolase was assayed by mixing 0.5 ml of proper enzyme dilution (to fall within the linear portion of the standard curve) with 0.5 ml of 1% carboxymethyl cellulose (Sigma Chemical Co., St. Louis, Mo.) solution in 0.1 M citrate buffer (pH 5.0) and incubated for 10 min at 50°C in a water bath with moderate shaking (12) . Reducing sugar was measured with dinitrosalicylic acid reagent. One unit of enzyme activity was expressed as 1 ,umol of glucose liberated per min.
(iv) Celloblase or 3-1,4-glucosidase (EC 3.2.1.21) assay. Cellobiase activity was assayed by incubating 0.2 ml of enzyme extract with 2 ml of 10 mM Dcellobiose solution in 0.05 M citrate buffer (pH 5.0) at 50°C for 1 h. The reaction was stopped by placing the mixture in boiling water for 5 min. The amount of glucose liberated was measured by glucose oxidase reagent (Sigma Chemical Co.). One unit of enzyme activity was expressed as 1 ,umol of glucose released per h.
(v) Aryl-13-glucosidase assay. Activity toward p-rntrophenyl-13-D-glucoside (PNPG) (Sigma Chemical Co.) was estimated by measuring spectrometrically the release of p-nitrophenol from PNPG. Enzyme extract (0.5 ml) was incubated with 2 ml of 2 mM PNPG solution in 0.05 M sodium acetate buffer (pH 5.0) for 10 min. The enzyme activity was stopped by adding 2 ml of 1 M sodium carbonate solution. The yellow color developed during the hydrolysis of the substrate was read at 405 nm in a Cary 219 spectrophotometer. One unit of enzyme activity was expressed as 1 ,ug of p-nitrophenol produced per min. Lignase enzyme assay activity was estimated by the following methods. (i) Gravimetric method: lignase activity was determined by calculating the difference in the lignin content in newsprint inoculated with V. volvacea and the uninoculated substrate. Lignin was expressed as acid-insoluble lignin and was determined as described by Browning (1) . (ii) Polyphenol oxidase assay: polyphenol oxidase activity was determined by the method of Kirk and Kelman (7). Enzyme extract (1.0 ml) mixed with 1 ml of 40 ,uM substrate in 1 ml of distilled water, 3 ml of 0.1 M citrate-phosphate buffer at pH 5.5 was incubated in a water bath at 40°C for 1 h. Solid fermentation and saccharification. The end roll of unprinted Finger Lake Times of Geneva was shredded, hydrated, supplemented with 10% wheat bran and 5% CaCO3 and placed in 10-lb (4.5 kg) enameled cans and autoclaved at 121°C for 1 h. A 1,000-ml amount of culture cultivated on cellulose medium (as described earlier) on a New Brunswick shaker in a 2.8-liter Fernbach flask for 4 days at 37°C was inoculated into each can. After 3 days of incubation at 35°C, the can lids were opened and covered with plastic bags with six small holes. The cans were moved to a greenhouse. Daily watering was done to keep the bed moist. After 8 weeks of incubation, the whole mushroom beds were lyophilized in a Virtis freeze dryer and pulverized in a Wiley mill (model 4; Arthur H. Thomas Co., Philadelphia, Pa.) using a 2-mm mesh screen. A 15-g amount of the ground samples was mixed with 300 ml of 0.05 M citrate buffer (pH 5.0) in 500-ml Erlenmeyer flasks capped with a stopper and incubated in a water bath shaker at 50°C for 24 h. The suspension was centrifuged 5 min. A 0.3-ml amount of the supernatant was removed for sugar content estimate with dinitrosalicylic acid reagent.
RESULTS AND DISCUSSION
V. volvacea could grow from 25 to 40°C (Table  1) . The mycelium did not grow at all when the temperature was raised to 45 or lowered to 20°C. Active growth occurred from 35 to 40°C with maximal growth at 37°C. The optimal temperature differed from those of Chandra and Purkayastha (2) and Chang-Ho and Yee (4), who recorded 30 and 35°C as optimum, respectively. One unique characteristic of V. volvacea was that it did not remain viable when stored at refrigerator temperatures in our laboratory.
V. volvacea is capable of growing in a fairly wide range of pH (Fig. 1) . The highest mycelial yield was obtained at pH 6.0. The yield dropped rapidly at pH 5.0. Very little mycelium was obtained at pH 4.5. The optimal growth pH also differed from those of Chandra and Purkayastha (2) and Chang-Ho and Yee (4), who reported 5.5 and 7.0, respectively. Figure 2 illustrates an optimal pH plateau for cellulase activity of V. volvacea. It exists from pH 4.6 to 5.6. pH 4.8 to 5.0 gave the highest activity; therefore, this pH was used for enzyme assay. The optimal temperature for filtrate activity was 50°C. This was much higher than the optimal growth temperature (37°C) of V. volvacea. At 37°C, only 50% of maximal filtrate activity was attained.
Our preliminary experiments showed that a supplement of 0.1% yeast extract to Mandels and Reese medium yielded twice as much cellulase and mycelium as the medium without yeast extract. We also found that Tween 80 (sorbitan polyoxyethylene monooleate), a nonionic surface-active agent, increased the cell yield twofold, whereas it enhanced the enzyme yield from 10-to 15-fold when 1% microcrystalline cellulose was in the medium. The 10-to 15-foldhigher enzyme production accompanied by the twofold mycelial yield in the stationary growth phase strongly implies that the primary effect of Tween 80 was on enzyme release through the membrane. This substantiates the findings of Reese and Reese and Maguire (15) (16) (17) . However, V. volvacea failed to grow in a medium containing 0.05% (vol/vol) Triton X-100, a nonionic detergent stronger than Tween 80. The course of cellulase production and the pH profile in the shake-flask cultures inoculated with active suspension of cells are shown in Fig.  3 . After a lag of about 36 h, the enzymes began to appear in the medium, and the pH fell rapidly. V. volvacea produced protease on skim milk agar plates. Since the medium had proteose peptone as an organic nitrogen source, it probably was used preferentially by the organism. Deamination of amino acids from peptone releases ammonia. This caused the pH to rise in (Fig. 4) . In hase extended shake culture, V. volvacea produced dispersed ucanase activi-suspensions of short mycelial threads, various uced per ml of sizes of pellets and balls, and sometimes large nase activity of white mat-like pieces. The submerged cultivated er ml of filtrate mycelium had an earthy flavor and was not lays. The filter equivalent to the mushroom flavor possessed by icose produced the sporophore. th extracellular Most of the carboxymethyl cellulase and celse activity re-lobiase were found to be cell free, with little iulation. Cellu-bound to mycelia ( was lower than the most active ceilulase-producing strains of Trichoderma reesei (10) . Activity toward cotton (Cl activity) was not of practical significance despite the fact that it could be cultivated on cotton waste in solid fermentation. Rapid decomposition of cellulose by the organism during growth was not necessarily associated with high cellulase production in the filtrate. The organism failed to degrade lignin in submerged shake culture. Quantitative studies of lignocellulase production in submerged cultures showed V. volvacea to be a poor lignocellulolytic organism.
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